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FOREWORD

This document, Final Report. was prepared by the Physical Science

Laboratory (PSL) of New Mexico State University (NMSU). It is

submitted to the Electronic Systems Division (PPR), Air Force

System Command, USAF for the support of AFGL balloon telemetry

systems. The support consists of engineering, instrumentation,

system integration, and test support for updating and modifying

existing Air Force Geophysics Laboratory (AFGL) mobile and land-

based station telemetry facilities during computer-supported

balloon operations. This report was prepared under Contract

F19628-78-C-0070 and submitted in specific response to the Contract

Data Requirements List (CDRL) Line Item 103.
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1.0 INTRODUCTION

1.1 Contract Statement of Work

The AFGL Contract and its preceeding documents outlined the need

and solutions for technical support to AFG;L in their high altitude

balloon activities. Specific technical support requested included:

" Modifications of an existing mobile telemetry van to

accept computer based PCM ground station.

" Design and fabricate special telemetry interface devices

and integrate them with standard PCrI and computer equipment

for use in a Mobile Van.

• Update (hardware and software) A:(;L's balloon reception
base station at lolloman AFB, Bui filing 85( for comp let ion

with the updated mobile telemetry van.
* Operate the AFGL facilities to support computer/l'M

dependant b:iloon flights.

The above work included specific technical and operational objectives.

The mobile telemetry facility (van) was to contain a computer

based telemetry station using a DEC PI)P-lt/10 min icomputer and

peripherals and standard LMR telemetry equipment. [eception and
recording were to include an analog recorder and various antennas,

receivers, strip chart recorders, etc. A special interface and
software was to be fabricated to permit the received telemetry

data to be routed in to the computer for reat-tin in acquisition,

processing, recording, and display.

The primary base station located in Bluilding 850, IIAFh :11 o requlired

update so it would be compatiblc witi the mobiie sy-tcm. Such

compatibility was to include bot h hardware, data mc ia, and softtare.

The final technical requiremerit was to provide operitional SuLpport

to AFGN. for all pre-launch and inl figlit balloon op grations requiring

computer/telemetry svstems upport. 'lbi- incl uded boti tile base



station and mobile van. This operational support was to includC

the development of special software support to the cognizant

scientist. Such software development was to be based on specific

algorithms provided by the using scientist.

In order to adequately propose the level of effort that may be

required, the REP included man-power estimates. These estimates

were:

* Principal Investigator 1/2 Man-year

* Electronic Engineer 1/2 Man-year

* Technician I Man-year

* Analyst 2 Man-year

The above were the basis for the subsequent PSL proposal and

awarded contract labor.

Operational support was to be provided to not only IIAFB, but to

various remote sites. Also included were travel to technical

reviews at locations such as AFGL. An estimate of such travel was

set forth in the REP to be:

* IV:itertown, Sotth Dakota - Two (2), two (2) week field
expeditions, each with two (2) people.

AVL., Ilanscom AFB - Four (4), one (1) person trip for

technical and administration coordination.

" Patrick AI.B, Florida - One (1), two (2) week field

exped ition for one (1) person.

S Hlolloman AFB, New Nlexico - Local transportation to total

approximately 10,000 miles.

THIe ahove generaI and spec ific hal loon support requirement.s were

used in the preparation of the PSI. proposal and subsequent contract

per fo Iance Mi blor Variations in the estimates did occur during

the contract performance. All preformance activities were coordinated

with the AIGI, Contract Mal'e "



1.2 Contract Administrative Summary

The AFSC contract F19628-78-C-0070 was issued by the Department of

the Air Force, Headquarters Electronic Systems Division (AFSC),

Hanscom Air Force Base (AFB), Massachusetts. The contract was

awarded to the Physical Science Laboratory (PSL) of New Mexico

State University (NMSU) on I January 1978 and was based on the PSL

Proposal (78-AF-39) for support of AFGL Telemetry System(s). The

PSL proposal, submitted in November 1977, was prepared in response

to the USAF Request for Proposals (RFP) F19628-77-R-0356. The RFP

(F19628-77-R-0356) was issued 19 October 1977 with all responses

due on 11 November 1977.

The awarded contract contained a priority rating of DO-A7 with

ONRRR, Tucson, AZ, appointed as the Adminstrative Contracting

Officer. The sponsor of the work to be accomplished was the Air

Force Geophysics Laboratory (AFGL), Air Force Systems Command. The

principal invetigator for PSL was J. Craig Erickson who provided

direct supervision for all contract related activities. The

government's Laboratory Contract Manager was Mr. Arthur A. Giannetti

with his alternate being Mr. Alan R. Griffin. Both government

management personnel were located at AFGL (LCC), Hanscom, AFB.

At the award of the contract, it outlined a 24 month schedule, with

the work completion date established to be I January 1980. A three

month phase to prepare the final documentation placed the expiration

date at 31 March 1980. An amendment (P00002) changed the work

completion date from that originally established to 13 April 1980

and the contract expiration from 31 March to 13 July 1980. This

represented an extension of 105 days. The contract schedule was

further extended by 60 days by contract modification P00003; work

completion on 14 June with contract expiration on 14 September

1980. At the request of PSL, the schedule was once again re-

adjusted for work completion 30 July 1980 and expiration on 30

September 1980.
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The aw arded contract was cost reimbursement t ypc wi th incremientcd

funding during the period of performance.

The contract was modified four times during its existance. Th.Ise

modifications were:

* A00001 issued I September 1978 Chani'ged A~l inistraltIve

Contracting Officer.
* P00001 issued I October 1978 - Incremental funding.

* P00002 issued i October 1979 - Incremental funding;
extended contract expiration date date 105 days.

0 A00002 issued 9 ,JanuarV 1980 to revise Contracting

Officer information.

The modi fications A0)00I and A00002 were issued by the Administrative
Contracting Officer and Modification P00001 and 1'00002 were issued

by Ilanscoiii, AFB.

_1



2.0 CONTRA\CT FINANCIAL SUIlMARY

The AFGL cont ract outlined a two year technical .!upport act ivit 

and a corresponding cost estimate. The awarded ccit ing value of

the contract was $1O5,169. On its initial aw ird ( I Janulary 19!78)

it was funded $73,25(. The contract modi ficat ion 100001 , (November

t978) increased the funded amount by $47,0(o to a total of $120 ,25))

In November 1979, the contract was modi fied (P000021 with an

increase in fund i ng o f $44 , 9 19 . fhe fund iii Cerericelit full funded

the contract to its ceiling of $165,169.

The original cost estimates submitted by PSI. with the technical

proposal were composed of the following catagories"

Labor: 8,300 man-hours; 51.6,990

Travel : 15,74

Supplies, Communications, etc. 2,475

Total Cost Estimate $105,169

The cost estimates were distributed over the 27 months succe~din2

the contract award. Specific analysis of the estimated costs

versus the actual expenditures are presented in detail ii) the

following paragraphs.

Table I presents the planned expenditure of manhours and total

funding. It notes that the programi was extended four months

without additional funding. Table It presents the total actual

and planned manhours exi,ended through i lly 1980. It shows that

1.11% of the planned ianhours was expended. lowever, TabI e 1I1

which shows the total actual aid p lanned funding expend it ure,

notes that 97.3', of the funds were used. Figures I and 2 present

the manhours and fundi ng expenditure graphica l y. IFitgu re 3 b1ows

detailed manhour expenditure b), the type of employee. These data

shows that the pro,.rim was conducted within the dolia r budget even

thbough the manhour budget was exceeded.
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'Ile P'S[L ac t I vi t iecs onl thfe AlW H ,C Oilt raJC t LIl Compaj)JS d t 1o p rimila r

areas: SvS Cml upjdate and opera;t ions'. fIlie b~ase stat ion at 11it I 101:1.'l1

A Bu Bi i 850) as well a'. the mlobile tac ili t v ' the fca

p0 ilt t01 rall PS;1 L 511)1) I't.

theic ac t i%,it iecs at: Bu i Id in i, SSO we re a can t i nua t ion o f s iilIa r

e ffort s per I formed by PS], 1)r i o r t o the awa rd o f the sub jec t cont rac t.

TVi b , )asc s t at i on ha d bee cn in cxi s ta n ce for m-ila ny yeair s an11d rep)r esen' ltecd

aI v ery p)owecr fulI tl e cniet r y stat i oni wh ichI in clIud ed PCM , PAM , and

F'M/ FN c a1) ab L I i t i e s . Ani antenna yvstem permitted manual pointing

o f a w ide band and a na rrow h)anid receci Vi ng antecnn a and standard

t e lemet ry RIf receivye rs . Depend ing Onl thle operatioanal reqjui remlenit S

dat a couLd be di splayed anl analog st rip chart recorders , analog

mecters, anal-og recorders, etc. The station was manual and its

capab iIi t ies were liited to those features inherent inl thc telemetry

devices.

Prior t o thle award of this Contract, AIW(L made a con;c iou.,s dec isi on

to li ccurrent techniol ogy to bet ter support balloon round

data 'I ten reqiremenCts. The geCnerall approa-0 ch Was to lit ii- Z

[i i a 1~upmntCorp. (1)1C(: PD1-il/41) Compuiter, system and accom-

pi i shl tile d'. il red c ap1)ab i Ii it yv, c omp1)u teCr b)ased tele cme t ry vS vSt ,in.

'I al n16i L~ I oIlS, thle PCIM tcleicit ry FormIl of dat a t ranlsm"iss iOnl

was to fhecoIIc thle predominate method awiting hal loon payload

deIsm1 I'4 r< . 'lb is , tfieii, was thet. forml a round which thle niew capabiIi tv

was.- to be established.

T1e PO , )P - I11/4 1 a nd its pe ler swerec instaIlled and placed oper-a-
Sionla I ithill thet teclmet rv room of. Ho i di og 85f). A special

pilrpose te lemetrv interface andk aI timeI Code r1,c i ver/,generator had
been provided and were inlst alIled. A basic sys tem capabiIi ty had

been esta'bl I she prI~l1ior' to thle award( of this cantI-raCtual effor0t.



The preliminary results of such a system were good enough to

establish a similar, but more I imi ted capab iI ity for mob i IC renlot e

field locations. This was a part of the techn icat accompl i shments

during this contract period.

The general operational philosophy was to first es;tablish a good

technical capability and then make it avaitable to tile various

AFGL customers. General software had been developed, but it was

expected that special real-time software would be needed for each

unique application. Our role was to insure that the bast station
was in operational status, the proper application software was

developed and to continue to improve the base station capabilities

through systematic updates.

Tihe mobile van was the area which was considered to be the first

technical objective. A DEC PDP-ll/lO was available from other

areas within AFGL so it was made available to be used in the

mobile van. This resulted in the two systems (Mobile and Base)

being very similar except the more limited computational cap-

abilities of the PDP-Il/lO. As a result, the hardware and soft-

ware assets were interchangeable between the two systems.

The configuration of the telemetry systems continued to evolve

throughout the contract period. Improvements were made, both
hardware and software, to better respond to the operational and
user requirements. Mlany of' the equipmenC~t 1improvemen~ts Were accom1-
plished by AFGL through the acquisition of new telemetry, recording

and digital peripheral devices. These were installed in a manner

to fully access their many features and capabitites. Some of the

improvements provided by PSI, included:

* A telemetr% inlcr FacC for tliit mobile system.

* A time code reader/gcnerator for the mobile system.
* A telemetrv interface for the base station system for

dual data streams.

* Patchpanels for the mobile system.



0 Integrat ion and test ing of the systems components for

the mobile system.

* Integration and testing of the base station system

cOmlponent s.

At the present time the resulting computer aided telemetry system

is capable of supporting most forms of balloon borne data encoding

and transmitting techniques. Through actual use, it has identified

areas to be considered for future improvements. Section 3.2.1

presents a detailed discussion of the actual base station configuration

as it currently exists.

Although not u;ed as extensively, the mobile facility has proven

its value in remote Launch operations. The configuration of the

various telemetry systems is presented in Section 3.2.2.

The software aspects of' this contract performance and, indeed in

the operations of the two telemetry system, was the most significant

accomplishment. Special software was developed as the baseline

package which could be utilized as the "foundation" for all special
applications. There were many specific operations for which PSL
developed tie "special" application routines. These usually con-

s is ted of algorithms to process selected data and then it's
display. Section 3.2.3 of this document addresses these various

software accomplishments.

:\S a general Summary (Section 4.0) , from our perspective, the

development plan outlined for upgrading the ba1loon ground support
data facilities at IIAIB has been very successful. It has provided

data in ncw forms with greater update rates than has ever been

experi enced in the past.

The an:ilog display and recording capabilities have not been down-

graded, and are available to be used. In fact, the user require-

ments have not been a total computer aided display, but a combination
of the two. The more complex processed data is handled by the

computer wliere straiglht p aramCter display ut il i:-e the analog

e'atULr'S of1 the system.

8



As is the case for any state-of-the-art system, there are always

improvements which can be identified and the A]:(;], ItA:B system is

no exception. The capabilities of the system can now logically

occur to keep pace with the ever increasing sophistication of

balloon bourne instrumentation. The on-board recording techniques

are becoming obsolete in the more advanced balloon payload systems.

Recording capabilities are becoming increasingly more important to
"capture" the data. Post flight data quick-look phases usually

involve computer added processing as the raw data become,, complex

in its representations.

More complex uplink command systems are a feature that would be

highly desirable for the types of balloon bourne control systems.

Such systems have very complicated sequences composed of many

different command formats. Even uplink of computer programs to
"on-board" computers are becoming more common. These suggested

improvements and others are discussed in Section 5.0.

3.2 Work Accomplishments

The technical accomplishments by PSL during this contract period

are discussed in this section. For convience, the information is
subdivided into the following areas:

Base Station Facilities

Mobile Facilities

Software

Travel/Field Expeditions

3.2.1 Base Facilities

The primary ground data support for balloon operatiors occur at

the AFGL facilities located in Building 850, Ilolloman Air Force

Base (ItAFB), New Mexico. The facilities are further subdivided

into functional operational areas such as a control center, weather,

and among others, a telemetry room. Most of the PSl activities

under this contract occurred on the stem located in the tele-

metry room.



The te enet ry sy s t,- to at cd ill thle teil mc t r roo11tis all iut eg rate'd

compltex 01' compute r, PCNI, PAN], [M/i [ 11ad a1 l CVies. Th v-
compu)Lte r-hascd capabilities extend ont y to thle I'CNM devi ces .A

p)ic t ure of thi S faic i Ii ty i s shown il 11i i gU re 11

The purpose of the existance of thle AiWI. fac ili ties at IMAB i s to
s up port thei va r LOU i g h a L t i t kid e ba Lto on op1)e ra t ioniis .Remio te of f--
.Si te o)CIrat ionS a FL also suppor t ed uising a subset o f thle p rinlia ry
facility capabilities. The normial balloon operations differ
greatly [rom one u-ser to another. Thie variances usually lic within
the range of accepted ICCM data transmi ssion and formats. Thlle
SUp)or0t Facility is con1figQured to permit these variations and to
be able to accomimodate all users. Of course, many operat ions do
nlot require such gr-ound suppor)01t since they may have on-board

recording or have little nieed for real-time display.

flic computer based PCNI capabilities are for those users who have a
need for monitoring the on-board instrutmentation performance
and/or r-esulting data so they may make in- flight changes. Th is
fieed is satisfied by pre-programming the computer and various PCMN
equipment to extract, convert and di splay the critical data. In-
flight chiaxues are usually accomplished via the uplink command
system (inde2pendent of computer control) and/or actual balloon
flight control.

Ani cxteiis ion to the support for suLcli rea [-time needs arc those for
the pre and l os t- test phases . Prior to tile launch, care ful
interface test ing occurs as well as on-board- inst rumentat ion
oper-ational evaLuatimis. Thlle se pre - fI I iglit tests are supported
w it h thle t e I('ilet ry s y stemi using thle normal 11'reaI- tiie" p'r~rog raims
anld/or spec ial pl'e-test progr-ams.

FlIlow iii g a tI li li t ope rat ion where thle computer i s involved , tile
il;roltemi requi res post -fl iglt s;elected data di splay for on-site

fIi gut success evaluiationl. Additionally, tile user ma)' require the
conversion of in-fligiht dat a from oune media to another. Thi S
11 ,ual 1Y fac L Ii ta-t e- tile m'ore i nideptii anal y's i s at thiir respect ive
tIl "I I i t i es. iliese pos t - fI i glilIt transr i pt i ons, a re a s tandard pa rt
0 V t lie caipllt i I i t i c' 0 F t ie s ta t i Oil1.

I--di



TFhe toelemetry systcmi cons ists o f many)) i IterF reIatI('lUd ui t., Idhere-

the total is capable of':

* Rccept ion of' kE signals

* PCM liecomutation

0 PMI/EN! data conversion

0 Analog data recording andi display

0 Computer system

The above areas arc integrated tOgether to permit rapid rCLO1iigu-

rat ion from one type to anothe r. unc t i ona IIy , t hey arc con fig~u red

as shown in Figure 5. The displays are used by the various

balloon flight control p~ersonn~el as well as- the project scientist/

engineer to effect chiangzes to better shape the succeeding fliight

profile and on-hoard p~ayload act iv it les. h III I Cases such1 Conlt ro

is effocted through the ullink command system.

The receiving subsys;tem is funct jonil Iy. show~n in E igureC 0.

Information is received by two RE aintennas : a high gain and a low,

gain antenna. The received s ignal.-s are routed to thle receivers

through mul ticoupler us ing pre -ampli f ie rs to oveircojmc t he cable

losses and low s ional levels. TiWO reCcei VCI' r are usedI to di sct i

thle signals from cach antenna. 'lle antennas tliemsel yes areC co -

located on a i~ingle mount maulyCOnt rolled tr-Oi the te I emlet rv

room11. The manual steer ing is, opt illii zed by m1olitto-i ng the recceived

signal level.

* The command up link antenna is nmoun ted onl a sepa rate steeraIble

antenna. The antenna type and t ran smiitt ed power l evelIs e so It in

a normally fixed antenna orientation.

Afifth receiver is used to receive information for WYMR tclemetrv

facilities.

Flie PCM capabilities of the telemetry room are thle feature most

utilizecd in balloon operations. A functional diagram of' the PCNM
s;ubsystem are shIowni in F igure 7 . The subsystem p ro i des foi dual

link reception and process ing. Thel c it:, involved are JINIR devices

If



Witth the formatting device heing PSI, provided.

Two data streams can be received and presented to the computer for

real-time processing. Using the capabilities of the OIiR units,

selected PCNI information can be converted to analog form and

routed to the analog display devices without computer a:ssistance.

lach PC unit is capable of being "programmed'' (by front panel

access, computer and/or cards) to accomodate a wide range of P1

formats, rates, etc.

A special PSL Time Code Reader/Generator has been provided by PSL

to permit accurate time-tagging of the data sent to the computer.

Such time-tagging processes can utilize any standard IRIG source.

Because the PCM devices of the telemetry system are the most

utilized, a cable configuration drawing is shown in Figure 8.

The computer subsystem configuration is shown in Figure 9. The CPU

is a DE(: P1)'-11/40 with several peripherals necessary for software

development and real-time control/display. Currently the PDP-

11/40 is implemented with 32K (K = 1,024) words (16 bits per
word), and the ex.tended instruction set. Tile UN1BUS is used to

commun icate w ii h all peripheral devices.

Two disk drives are included in the computer configuration to

permit soft:iare development program execution. The second unit
enables on-site media copying for generating backup copies of

data and disk resident programs. Currently, one or both of the

disks are relocated to the mobile van when it is used.

A Pico tape system is used to record digital data from the computer.
This recording device is the primary media for exchange of data,

progran,,s etc. with other facilities. A second tape system of the

same type is used in the mobile van which often requires the use
of the base facility tape unit as a backup.

CRT and serial Iiine printer terminals are used for program develop-

m1ent, computer program control and as display devices. One printer

12



and one CRT is located in the Operations Cointrol Ceter, and one

printer and CRT in the Telemetry Room. Ail re'al-tille computer
display output is routed to one or more of these de ices. Standard

balloon flight characteristics such as; altitude, t mperature,

pressure, etc. are routed to the operation center display. lPa)load

instrumentation information is routed to the CR1 and printer in

the Telemetry Room.

Analog display and recording devices are available for the presen-

tation and display of selected tememetry data. These devices
include analog recorder(s) used to record the entire data stream

received at the station along with timing. Analog displays include

meters and strip chart recorders. All inputs (and outputs "here

applicable) are accessed at system patchpanels.

A set of rack layout drawings for the telemetry room are included

with this report for completeness. The drawings included are:

Figure Rack lDrawing

10 Computer

11 PCNI Subsystem

12 Telemetry/Rece i vinp,

13 Analog Equipment

The above is a brief description of the existing base station

con figurat ion. The operationat environment is dynamiiiiic and a-, a
result the configuration may routinely change. System components

are often removed to support the requirements of the mobile van

and other field expeditions, as well as additional equipment

augmenting the existing base station configuration . '1"..,'-e change

are often accomodated through the many patchlpanel.- loulighout the

systema.
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1.2 .2 Mobile Telemetry I a ciiil

A\ second ma jor undeavor undler this cont ract was tile establiishment

of a more I inlited telemuet ry system in a miohi Ic van. I'l i s mob ile

Ca pah i L it y eiab h Ied compulte r as s i s t ed teleI me try s;uppo rt to those

requli ring, SuICh Cal)lhi lit iCs in a remote field launch environment.

['lie mobile fac iIit v was Coii Il -co.1 fr-oml exist i nB' AFGI asse;s t- and

hS subsequenLItl [W eln USedI on sfea Ii eld operations;. A i c tLare

of the mobile facil ity is presented inl [igure 14.

Hie sYstem located within thle van is configured for 1101 telemetry

dat a fec ep'It ion, p roces5sin t and~ d isplay . A DIX, 1P1)1-l/l0 Computer

w ithI per i phera Is makeup the comp~ut er subsystemii. Standard ENIR P01

te lemetl r d'V ice's provide for the telemetry conditioning. Strip

chiatits and por-tal analog tape recorder (s--, are uIsed for data

display and preseCrvat ion. Thle overall configurat ion is similar to

the base station hut is riot as extensive in its capabilities.

[he compu)Lter systeml is al IDPl)I1t With 8K (K = 1,(24 ) words of

ililirory . No comlpu~terI enhancement,.s are included in tilie p~rocessor . A

disk ine r faice is, embedded ill the processor to permlit computer

.i'IL'-S to PK-05 disk(s,). B12CMISC Of limlited. vanl luszcle, thle disk(s)

us-ed ill Ot'he, Se tat ion are Used ini tilie vanl for f ic id operat ions.

Piovi ois ave beenl made for* bothl diskdr (IIV.- YeCVenI though only

01ne oU Ild be aIdeuIate for m1o.st oertio

A m111- re Iliited :. ia I IC j12 rI liter is in,_ u~ded Ill thle van to

pe rriit C uml~j t t' l p rot rain cil C [tl l ro I and colIlitut e r da't, a di spI a'V . OneC

d it al I la!, II c t Ic( tap d, 1) aL' I'kL m)J1)t Cr fac (A a Ciso ilUded in theI

L"001 llt (2i II i11t C for da&1t al 0 og Yi n1g ari1d pr1-o g ramIl ex chan1ge riled a. TheC

('0niJILtt'l lr(01.igart oll i' pre-senIt d ill 1i Iguare 15.

1 lie PGW t elclc o I m v srb tc a .111l'Ic Ie I nk cipbiI i ty . I Iliput

ilII O illit 101 1:oi IreCCeI V ed ItV tie( an 1tC(1111) -a M., id ICCc I &e r> . PGM Sub -

OuIt pII I I' dIi nC _t (2 to tilie COl1i)L~ItCI (2 Min/.i tilie a a1 ' (]IS--
p1 a\ dev rcc '



The computer input of PCM data is similar to that method used in

the base station. A PSI, Time Code Reader/;enerator is also included

to accomplish the necessary time tagging. A functional diagram of

the PCM subsystem is shown in Figure 16.

The analog recording and display capabilities are similar to that

of the base station. All inputs (and outputs where applicable)

are terminated at patchpanels to permit easy access. The recording

devices are those utilized in the base station.

The van is a 32-foot semi-trailer which was constructed to house

electronic equipment. As a part of the refurbishment process, PSL

overhauled the dual air-conditioning system to increase their

reliability. The power distributation was also updated to minimize

power transients from adversely affecting the electronic equipment.

The interior was also reconditioned as was the exterior. Rack

layout drawings for the mobile van are included as Figure 17 for

the computer racks and Figure 18 for the telemetry racks.

3.2.3 Software

The key to fully utilizing the new system capabilities lie within

the software. This has been a continuing activity throughout this

contract period. Programs have been developed for new users and

new user requirements as well as a continuing improvement in the

baseline routines. All aspects of such programming have been

provided including the real-time, pro-test, post-test and data

transcription programs.

Until recently, the software development was accomplished under

the standard DEC Operating System (OS) entitled RT-.Il. This OS

(RT-It) is very limited in its capability and therefore increases

the complexities of the needed programs and reduces their through-

put capabilities. Recently the base station computer system has

been updated with necessary hardware features to permit utilization

of DEC's RSX-IIM Operating System. The later operational requirements

necessitated the use of RSX-IIM to b. able to utilize the multi -

user (or mutt i-program) features.
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-. .. . -.. . . .

As a general philosophy-, the software dove lopment was accomplished
using FORTRAN, and, where timing was critical, the NlARCRO-1l

assembler. In most cases the software developed for the PDP-ll/40

will not operate on the PDP-ll/lO because of the limited hardware

features available on the Pl)P-1l/l0. Almost all of the softiare
executed on the P)P-lI/lO was developed using the more capable

PDP-lI40 computer system. The most recent software developments
were accomplished on the PSL PlP-11/45 computer system since it
has a broader developmental capability. All programs are trans-

portable between these subject computers.

The primary computer programs developed for the AFGL computers

include Earl Goods project and BANM. Both of these projects have

had several versions developed as the requirements changed from

one mission to another. Various routines of these programs have

been used to provide more limited computer data display for other

missions conducted at IIAFB.

Details of these piograms are on file at the HAUB and are not
repeated here. Various archive copies have been made to minimize

inadvertant unrecoverable tlosses.

In addition to the software developed for use on the PDP-11/40 and

POP-l1/ ) systems, sroecific requirements have also resulted in a

series ,,f programs developed for the PDP-ll/45. The latter

programs were to accomplish rapid responses on the transcription

of pre-recorded PCM telemetry data. Such data was extracted froii

analog recordings and was converted to digital form. These pro-

grams were developed for both larl Good's data as well as a special

BAN M mission. Once these programs were developed, turn-around

times of 24 hours were easily accomplished. These programs are on

file at PSL f-or future uilization.

3.2.4 ,1 Iiel d Support

A part of the pcr fo rma:1ce of this con t rac t was to provide support

to .F(I, in IIAI I mi ,s ions as well as i'cmote field miss ions. Several

such field c xpedi iol?:; wert' :; uppo r' ed usin. the mobile telemetry

10
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van. In general, several Earl Good missions and BAMNI were supported.

These expeditions were physically located in Arizona, South Dakota

and Florida. In all cases the performance of such capabilities

were considered successful.

In some expeditions, especially the Florida mission, they were

supported using PSL and other project equipment. A routine process

such as this enables maximum utilization of government equipment

on a not-to-interfere-basis. In some cases complete telemetry

vans were borrowed and in other missions vary levels of telemetry

systems were borrowed.

These various field expeditions have been described in previous

reports, so the details are not repeated here.
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-.0 SUMMARY

The accomplishments under this contract have been many; perhaps
the most important one being the establishment of a routine com-
puter aided ground system support. The original objective was to

establish a system/configuration to permit this user freedom in
helping to fulfill his research needs. At the conclusion of this

contract such a capability exists.

Improvements have been set forth to continue this technology
advancement at ItAFB. Todays balloon borne instrumentation systems
have been rapidly advancing as have the flight duration and pay-

load compIexities. The use of mi rcoprocessors, multi-data stream,
multi-frequency's, and high data rates are characteristics of these
new imt0rovements. The ground station must kee l) pace with these

advances so as not to obsolete itself on the threshold of success.
Complex missions are now easily accomodated.
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5 .0 11LCOMNIN I ONS

Recoimncndat ions are aliways; easy to i dent I iv' ill d1V~T;IIIII C ii 1) htoadh I

utilized systems Such as the Buwi 1(1 int 850) and itoh i Ic >Vs tcm. A\

%,ell prepared imp~rovement )i an tiist conls i d( I th ov1w IV 1 I 01)! ~c i X'

as well as organi zational I i mi tat ions that inay be nposedI ks aI

result of our parti cipation wl' th .\1 threC 'Ire some rccotlw(. itda't ions,-

WhjCh We feel Should be conIsideredJ M nd?' l re ii Cncrt wttJ It wlaI t we

undetand the ul tima te objocti yes to hbe

These recommendlat ions are a comp iiat ion ol' spec if ic i t ems anld

gleneral thoughits. The lists,, presentedl 1)00w , aire ranked ill a

general priority:

" A limited i nvent ory of FtI 1311 cabIc's an ct o the r compitte r

cabling is reqlu ired to re cpa ir in11term'li t ten11t an11d IN Zarrjnal1 Z

areas in the PUJP-I 1/4(1 system.

" RSX-IIM i s a hi gh ly recommelnded i mprovement . 1,i1 i s l, i I I

require the following:

F ull memory imp[) ,me nt at Lon of 128K words. If

f our 32K wordl/memo rv b oa, r-ds were aicq t i red- , theic

existinlg ttmorv0I could hW use-d aIs a1 spare to

Optimlizec the mentiOto repa it'.

-Licenlsedl RSX-1IPI o's

* To increase the execution speed, the Floating Point Pro -

ces so r (FITP ) is; recommended for t he iP1IP- 11/4 ) W ithi

the FPPT, the FORTRAN (V 0P I ompi le r shouldI be aIcqo ~ilred

to utilize the FPP Feaiture.

0 Repl ace the exist in , dligital lmngetic t'ilte svstemI with

an1 i t,; Suc as thos IS roy0S dod0 by Kennedy 1, I noC. A t wo

d ri vkc' con CF t , rrat ion mmuId t ic best inl oz(re to prox-iJo

backuop a nd dua] drive 1r1iC t e: Vt x i st ini" Jrivyes,

h~ave 1 ecom- 01)50 octe and1( ale- mlos-t di [fict it to keep) inl

UO,0( FCi P J)i i 11( II and re e I inllt t d inl 001t11)Iter Uiti ii at ion.

'the replacedI an i ts coo lI hbe usedc inl th Ir ob i Ie van11



* SIi ire p~r i 11, d C i 1-eUi it boar 1d" CorI thfe PSI, dev ic CSWould

fac i Ii tat c ra p i d repa i r - an es sent i a I when comini tted to

* A spare LMR 2703 Buf fe red Dat a ChannelI PC board to

facilitate rapid repai r. The reliability of thc 2703 is

such that a back-up is very important.

* A coloz graphics display dfevice for the base station to

more effectively display operational data.

" A higher speed printer to cnable hardcopy output to be
accomipli shed in a mnuch more expedient manner.

[he mob il Icvan ut ii zat ion has b~een sonic what limited of p~ast.

Should the demands on such a capabi lit) increase, considerations

should he given to the fo [[ow ing:

* Replace the 1111- 11 /10t with a more capable computer
a Replace the obsoleted data formiatter with the newer

vers ions suich as; in the base station.
* Acqui re at least one, preferably two disk drives.

* Adequate spares for the 1PSL. devices and ]3MR 2763
i nt er face.

In addi tioll to tile above spec ific recomimedations, there are some

ozenera I areajs which are felt to be logical and necessary advance-
inents in the system cap~abilities:

* Implement a computer based upl ink command system
* Lstablish a CANIAC base as a part or separate from the

coimnand sys;tem to more easily ad apt to the various us~r

inlput /ou-t Iit i-equ i rements.

* 1 ilcorp()rato CAMIAC louchpane i(s) for operat ion display

and con trol

The gene ral1 phil. I 0op) m of prov~iding individual support to the
various user-s is one of thle becst ways to miake available the full
capabilities, Its pr-ima"ry effect is onl thle software development;
tailoring existing sFtwarc 10o thle neCw need(s and au.gmenting them
with Spec ific mliiss ,ion uniqJue 11gl' i thins.
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As the system evolves, it can also be sctu) to be of greater valuc

in assisting with the routing mission planning and rcpo rtin,,.

With the establishment of a thorough data base, many statistical

and trend effects reporting can be easily accoiiiodated.
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